I. Introduction
===============

Various chemokine receptors, namely CXC chemokine receptor 4 (CXCR4), CC chemokine receptor 6 (CCR6) and CC chemokine receptor 6 (CCR7), have recently been shown to be involved in the regulation of metastasis in malignant tumors \[[@B8], [@B11], [@B16], [@B22]\]. However, little is known about the role of these receptors in promoting tumor metastasis. Chemokines are molecules that are structurally and functionally similar to growth factors. They bind to G-protein-coupled receptors on leukocytes and stem cells, and work through guanine-nucleotide-binding (G) proteins to initiate intracellular signaling cascades that promote migration towards the chemokine source \[[@B11]\].

CXCR4 is expressed on tumor cells such as melanomas, breast, prostate, colon, pancreatic and ovarian cancer \[[@B8], [@B16], [@B22]\]. Its ligand, Chemokine ligand 21 (CXCL12) also called Stromal cell-derived factor (SDF-1), is expressed in the lymph nodes, the lungs, the bone marrow, and the liver \[[@B11]\]. The importance of the CXCR4/CXCL12 axis in cancer is exemplified by the fact that blocking CXCR4 function leads to an inhibition of metastasis in *in vivo* mouse models of breast and pancreatic cancer \[[@B11], [@B16]\]. Previously, our report showed that the assessment of CXCR4 immunoreactivity in dermatofibrosarcoma protuberans (DFSP) was a useful tool for predicting tumor aggressiveness \[[@B20]\]. Similar enhanced expression was also observed in skin squamous cell carcinomas \[[@B4]\].

Melanoma is the most aggressive skin cancer once metastasis begins; therefore, it is important to characterize the molecular players involved in melanoma dissemination. The expression of CXCR4 in human melanomas has been detected in the vertical growth phase and in regional lymph nodes \[[@B9], [@B17]\]. CCR7 and its ligand CCL21 are required for the efficient migration of mature, peripheral dendritic cells to the lymphatic vessels, and subsequently to the draining lymph nodes (LN) \[[@B21]\]. Therefore, CCR7 is considered to play an important role in lymphocyte cell trafficking and homing to the lymph nodes. Furthermore, previous studies have shown a downregulation of CCR6 but an upregulation of CCR7 and CXCR4 in metastatic tumor tissue \[[@B15], [@B18]\].

In this study, we immunohistochemically analyzed formalin-fixed, paraffin-embedded primary malignant melanoma tissues to determine the relative incidence and pattern of the expression of four chemokine receptors: CXCR4, CCR6, CCR7 and CXCL12. We also investigated the usefulness of assaying the immunoexpression of these chemokine receptors for both diagnosis and prognosis.

II. Materials and Methods
=========================

Patients and tumor samples
--------------------------

Nineteen specimens of malignant melanomas were obtained from patients who underwent surgery at the Wakayama Medical University Hospital, Wakayama, Japan between 2006 and 2008. All specimens were primary tumors, and had complete documentation of the histopathology and clinical course. All of these primary tumor specimens were obtained before adjuvant therapy such as chemotherapy and radiotherapy. The tissue specimens were fixed in neutral buffered formalin, and then paraffin-embedded sections were stained with hematoxylin-eosin (HE). The histological diagnosis was confirmed by the corresponding paraffin-embedded materials, and when necessary, immunohistochemical panels such as S-100, HMB45, and Melan A were performed. The specimens consisted of 7 nodular melanomas, 10 acral lentiginous melanomas, 1 superficial spreading melanoma, and 1 desmoplastic melanoma. Detailed clinicopathological data including age, site, tumor thickness and tumor stage were also obtained (Table [1](#T1){ref-type="table"}). Control non-neoplastic tissues (6 samples from 6 patients) were also obtained from the same patients at sites distant from their surgically resected tumors. The normal histological status of these tissues was confirmed by routine histological examination. This study was approved by the ethics committee of Wakayama Medical University

Immunohistochemistry
--------------------

Immunohistochemistry was performed on deparaffinized 4 µm sections according to our previous report \[[@B4]\]. Prior to staining, the tissue sections were de-melanized with 0.25% potassium permanganate and 2% oxalic acid. They were then incubated for 30 min in 3% H~2~O~2~ at room temperature (RT) to block endogenous peroxidase activity, and in a blocking solution (1% normal rabbit serum and 1% bovine serum albumin) to block non-specific binding. In addition, we employed any antigen retrieval sequence using heat-assisted epitope retrieval. But the antigenicity of the antigens we evaluated was the same the sensitivity and specificity. Next, the specimens were incubated for 2 hr at RT with a polyclonal goat anti-CXCR4 antibody (1:400 dilution; GeneTex, Incorporated, San Antonio, Tx, USA), an anti-CCR6 antibody (1:300 dilution; GeneTex) or an anti-CCR7 antibody (1:300 dilution; GeneTex) \[[@B2]\]. The specimens were then incubated for 1 hr at RT with a biotinylated secondary antibody (1:400 dilution; DAKO, Denmark). After extensive rinsing, they were developed using the streptavidin-biotin-peroxidase complex technique (LSAB2 kit/HRP, DAKO).

The peroxidase reaction was visualized with 0.2 mg/ml 3,3\'-diaminobenzidine tetrahydrochloride. The sections were then counter-stained with hematoxylin. The control sections were not exposed to the primary antibody.

Evaluation of immunolabeling
----------------------------

### Score of the percentage of positively immunostained tumor cells

The immunohistochemical scoring in the relative number of immunopositive cells was performed blindly by 3 dermatologists or a pathologist who had no clinical knowledge of the patients \[[@B4]\]. The immunostained sections were scanned by light-microscopy. In the tumor tissues, 5 fields of ×400 high power view were assessed randomly in all specimens. The necrotic areas and edges of the tissue sections were not included in the counting. The staining was categorized into four semi-quantitative classes based on the percentage of immunostained (positive) tumor cells: absence of staining, \<10% positive cells (low), 10% to 50% positive cells (moderate), and \>50% positive cells (high), based on the report of Scale *et al.* \[[@B17]\]. Samples with immunohistochemical scores of negative or weak staining with low to moderate distributions were considered to have 'low' expression whereas high distributions were considered to have 'high' expression.

Furthermore, the correlation in the relationship between CXCL12 and CXCR4 was studied by scoring the number of CXCL12 and CXCR4 immunopositive cells.

### Score of the intensity of positively immunostained tumor cells

Another qualitative assessment for CXCL12 and CXCR4 was adopted to assess the proper immunohistochemical intensity of the tumors based on the strength of their immunoexpression: negative immunostaining, weak immunostaining, moderate immunostaining, or strong immunostaining \[[@B8]\].

Statistical analysis
--------------------

The correlations among the immunohistochemical expression, baseline patient features, and tumors were studied by contingency tables and Mann-Whitney U analysis.

The Spearman rank correlation was used to evaluate the correlation between the expression level of CXCL12 and CXCR4. A *P*\<0.05 was accepted as statistically significant.

The differences of the immunohistochemical expression with malignant melanoma tissues and control tissues was estimated using Student's t-test.

III. Results
============

CXCR4 and CCR7 expression was significantly higher in malignant melanomas when compared with control tissue (CXCR4: p=0.011, CCR7: p=0.0001). CCR6 expression was significantly lower in malignant melanomas when compared with control tissue (p=0.017). Downregulation of the CCR6 expression and upregulation of the CCR7 and CXCR4 expressions were observed in malignant melanoma but not in control tissues.

CXCR4 expression in malignant melanomas
---------------------------------------

Representative results from the immunohistochemical staining for CXCR4 are shown in Figure [1](#F1){ref-type="fig"}. CXCR4 immunoexpression was detected in the cytoplasm in most cases. The immunolabeling intensity in the tumor cell varied widely, and there were no significant relationships among the intensity and several parameters.

The correlation between the clinicopathological parameters and CXCR4 immunoexpression is summarized in Table [2](#T2){ref-type="table"}. A high immunoexpression percentage was correlated with the tumor thickness (p=0.049), a nodular type (p=0.014) and developing distant metastasis within two years (p=0.014). The site of metastasis included the lung in all 7 cases. There was no significant correlation between the involvement of the sentinel lymph nodes and CXCR4 immunoexpression (p=0.15).

Furthermore, a high immunoexpression percentage was observed in 5 out of 7 cases (71%) of nodular melanoma. The CXCR4 immunoexpression was diffuse in the cytoplasm of spindle-shaped cells, epithelioid cells and isolated populations with balloon cell changes in nodular melanoma (Fig. [1](#F1){ref-type="fig"}b). However, this immunoexpression was not observed in peripheral vascular endothelial cells or lymphocytes. In non-nodular melanomas, high CXCR4 immunoexpression was observed in 2 out of 12 (17%) cases, and was partially observed in the cytoplasm and at the peripheral areas of the tumors (Fig. [1](#F1){ref-type="fig"}c, d).

Correlation with CXCR4 and CXCL12 expression
--------------------------------------------

CXCL12 immunostaining was mainly distributed in the cytoplasm and peripheral vessels.

All 4 patients with a high immunoexpression percentage of both CXCR4 and CXCL12 had nodular melanomas, and their overall survival was 0%. In contrast, all 4 patients with the low immunoexpression percentage of both CXCR4 and CXCL12 were the non-nodular type, with a thin tumor thickness, early stage, and a 100% 5-year overall survival (Fig. [2](#F2){ref-type="fig"}, Table [3](#T3){ref-type="table"}).

Spearman's rank correlation coefficient was calculated to analyze the association between the immunoexpression of CXCR4 and CXCR12. There was a significant and positive correlation between the immunoexpression levels of CXCR4 and CXCL12 (rs=0.57 by Spearman rank correlation coefficient).

Correlation between CCR6 & CCR7 expression and clinicopathological parameters in malignant melanoma
---------------------------------------------------------------------------------------------------

The correlations among the clinicopathological parameters and the CCR6 & CCR7 immunoexpression are summarized in Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}. A high CCR6 immunoexpression percentage was correlated with a nodular type of melanoma (p=0.012), but no significant associations were detected among the other parameters. Similarly, a higher CCR7 immunoexpression percentage was correlated with the tumor thickness (p=0.037), but no significant associations were detected among the other parameters.

IV. Discussion
==============

The expression of chemokine receptors by malignant cells could represent a mechanism for increased proliferation and cell motility, thus leading to tumor growth and metastasis. It has been postulated that organ-specific metastasis might be governed, in part, by interactions between chemokine receptors on cancer cells with metastatic potential and chemokine gradients in the target organs.

Many retrospective studies have now documented that the expression of various chemokine receptors (particularly CXCR4) is associated with a poor prognosis \[[@B6], [@B17], [@B18]\]. Our previous study showed that CXCR4 immunoreactivity was significantly higher in relapsed DFSP as compared to non-relapsed DFSP \[[@B20]\].

Previous research has demonstrated a downregulation of CCR6 and an upregulation of CCR7 and CXCR4 in metastatic tumor tissues \[[@B18], [@B21]\]. Melanoma cell lines express the functional chemokine receptors CCR7, CXCR3, CCR10 and CXCR4, which are able to activate cell motility during invasion, cell proliferation, and survival \[[@B1], [@B7], [@B12]--[@B14]\].

We hypothesized that the expression of CXCR4, CCR6 and CCR7 in malignant melanomas would correlate with the clinicopathologic indicators of tumor progression. We found a significant and positive correlation between CXCR4 expression and tumor thickness, a nodular type and developing distant metastasis in patients with primary melanoma. In particular, those patients with a high immunoexpression percentage of both CXCR4 and CXCL12 presented with high clinical risk and a poor prognosis, whereas patients with a low immunoexpression percentage of CXCR4 and CXCL12 presented with low clinical risk and a better prognosis.

Much evidence has reported that CXCR4/CXCL12 interactions play key roles in cancer cell survival, proliferation, chemotaxis, homing, adhesion, tumor angiogenesis, and resistance to conventional and targeted therapies. However, the effect of CXCL12 on the proliferation of CXCR4-expressing tumor cells has not been fully defined, and moreover, a small number of studies have demonstrated a proliferative effect *in vitro* and *in vivo*. Our results support the idea that an autocrine mechanism may be responsible for both CXCR4 and CXCL12. These findings support the hypothesis that CXCL12/CXCR4 may play important roles in prognostic expectation.

There was no significant correlation between CCR6 or CCR7 expression and developing distant metastasis. Previous studies reported that the overexpression of CXCR4 dramatically enhanced the metastatic accumulation of B16 melanoma cells in mouse lungs, but metastasis to the lymph nodes, liver and kidney were not affected \[[@B1]\], whereas others have shown the involvement of other chemokine receptors such as CCR7 and CXCR3 in lymph node metastasis \[[@B5], [@B19]\].

Like CXCR4, CCR7 is well known to stimulate cell proliferation and directional migration in benign and malignant cells, and are associated with metastasis and decreased survival in gastric carcinomas \[[@B10]\], as well as squamous cell carcinomas of the pharynx, esophagus, and cervix \[[@B3]\]. However, there was no association between CCR7 expression and the development of lymph node or distant metastasis in our present study. We also obtained similar results regarding CCR6 expression.

Although our study showed similar results as previous reports in Caucasian patients, it can be concluded that the assessment of CXCR4 immunoreactivity in cutaneous malignant melanomas may be a useful tool for predicting tumor aggressiveness in Japanese patients. Additionally, our results suggest that the assessment of CXCR4/CXCL12 expression in malignant melanomas might help in prognostic expectation.
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![Immunohistochemical staining for CXCR4 in malignant melanoma. The immunoexpression was detected diffusely in the cytoplasm. All patients showing nodular melanomas showed a high CXCR4 immunoexpression percentage (**b**). No expression of CXCR4 was observed in the normal skin (control tissue) (**a**). On the other hand, acral lentiginous melanoma presented with low to moderate CXCR4 immunoexpression. The immunoexpression was observed partially in the cytoplasm, and infiltrating lymphocytes were also positively immunostained (**c**: low expression, **d**: moderate expression). Original magnification ×400. Bar=100 µm.](AHC12004f01){#F1}

![Immunohistochemical staining for CXCR4 and CXCL12 in malignant melanoma. Nodular melanomas showing a high CXCR4/CXCL12 immunoexpression percentage (**a**: CXCR4, **b**: CXCL12). The immunoexpression was detected diffusely in the cytoplasm. In most cases, the CXCL12 distribution was similar to that of CXCR4. However, in acral lentiginous melanomas, CXCR4/CXCL12 immunoexpression (**c**: CXCR4, **d**: CXCL12) was at very low percentage, and was partially observed in the cytoplasm of tumor cells (**c, d**). Original magnification ×400. Bar=100 µm.](AHC12004f02){#F2}

###### 

Patient and tumor characteristics

  Patient Characteristics           
  --------------------------------- ---------
  Total number                      19
  Median age (years)                68.4
   range                            33--89
  Gender                            
   Female                           5 (26)
   Male                             14 (74)
  Location                          
   Head/neck                        3 (16)
   Trunk/extremities                8 (42)
   Feet                             8 (42)
  Tumor thickness (mm)              
   0.5\~2.0                         9 (47)
   \>2.0                            10 (53)
  Histopathologic type              
   Nodular melanoma                 7 (37)
   Acral lentiginous melanoma       10 (53)
   Superficial spreading melanoma   1 (5)
   Dysplastic melanoma              1 (5)
  Stage                             
   I                                4 (21)
   II                               5 (26)
   III                              10 (53)
   IV                               0 (0)

The values in parentheses are percentages.

###### 

Clinicopathologic features and CXCR4 expression

                                                          *n* (%)   Number of CXCR4 expression   *P*               
  ----------------------------------- ------------------- --------- ---------------------------- -------- -------- ---------
  Age (yrs)                           \<70                9 (47)    0 (0)                        6 (67)   3 (33)   0.43
                                      ≥70                 10 (53)   4 (40)                       2 (20)   4 (40)   
                                                                                                                   
  Gender                              Male                14 (74)   3 (21)                       5 (36)   6 (43)   0.55
                                      Female              5 (26)    1 (20)                       3 (60)   1 (20)   
                                                                                                                   
  Location                            Head/neck           3 (16)    0 (0)                        2 (67)   1 (33)   0.41
                                      Trunk/extremities   8 (42)    1 (13)                       3 (50)   4 (38)   
                                      Feet                8 (42)    3 (38)                       3 (50)   2 (13)   
                                                                                                                   
  Tumor thickness (mm)                0.5\~2.0            9 (47)    4 (44)                       3 (33)   2 (22)   0.049\*
                                      \>2.0               10 (53)   0 (0)                        5 (50)   5 (50)   
                                                                                                                   
  Clinical type                       nodular             7 (37)    0 (0)                        2 (29)   5 (71)   0.014\*
                                      non-nodular         12 (63)   4 (33)                       6 (50)   2 (17)   
                                                                                                                   
  Sentinel lymph node                 Not involved        11 (58)   4 (36)                       4 (36)   3 (27)   0.15
                                      Involved            6 (32)    0 (0)                        3 (50)   3 (50)   
                                      Not investigated    2 (11)    0 (0)                        1 (50)   1 (50)   
                                                                                                                   
  Distant metastasis within 2 years   yes                 7 (37)    0 (0)                        2 (28)   5 (72)   0.014\*
                                      no                  12 (63)   4 (33)                       6 (50)   2 (17)   

\**P*\<0.05 between groups.

###### 

Relationship between CXCL12 and CXCR4 expression in malignant melanoma (n=19)

                                 CXCL12 expression level   Total        
  ------------------------ ----- ------------------------- ------- ---- ---
  CXCR4 expression level   Low   4                         0       0    4
  Moderate                 5     2                         1       8    
  High                     2     1                         4       7    
  Total                    11    3                         5       19   

There was a significant and positive correlation between the expression level (score: 1--3) of CXCR4 and its ligand CXCL12 (r~s~=0.57 by Spearman rank correlation coefficient).

###### 

Clinicopathologic features and CCR6 expression

                                                          *n* (%)   Number of CCR6 expression   *P*               
  ----------------------------------- ------------------- --------- --------------------------- -------- -------- ---------
  Age (yrs)                           \<70                9 (47)    4 (44)                      3 (33)   2 (22)   0.59
                                      ≥70                 10 (53)   6 (60)                      2 (20)   2 (20)   
                                                                                                                  
  Gender                              Male                14 (74)   8 (57)                      4 (29)   2 (14)   0.36
                                      Female              5 (26)    2 (40)                      1 (20)   2 (40)   
                                                                                                                  
  Location                            Head/neck           3 (16)    2 (0)                       0 (67)   1 (33)   0.23
                                      Trunk/extremities   8 (42)    2 (25)                      4 (50)   2 (25)   
                                      Feet                8 (42)    6 (75)                      1 (13)   1 (13)   
                                                                                                                  
  Tumor thickness (mm)                0.5\~2.0            9 (47)    7 (77)                      0 (0)    2 (22)   0.14
                                      \>2.0               10 (53)   3 (30)                      5 (50)   2 (20)   
                                                                                                                  
  Clinical type                       nodular             7 (37)    1 (0)                       3 (14)   3 (86)   0.012\*
                                      non-nodular         12 (63)   9 (75)                      2 (17)   1 (8)    
                                                                                                                  
  Sentinel lymph node                 Not involved        11 (58)   8 (72)                      1 (9)    2 (18)   0.097
                                      Involved            6 (32)    1 (17)                      4 (67)   1 (17)   
                                      Not investigated    2 (11)    1 (50)                      0 (0)    1 (50)   
                                                                                                                  
  Distant metastasis within 2 years   yes                 7 (37)    2 (29)                      3 (43)   2 (29)   0.16
                                      no                  12 (63)   8 (67)                      2 (17)   2 (17)   

\**P*\<0.05 between groups.

###### 

Clinicopathologic features and CCR7 expression

                                                          *n* (%)   Number of CCR7 expression   *P*                
  ----------------------------------- ------------------- --------- --------------------------- --------- -------- ---------
  Age (yrs)                           \<70                9 (47)    1 (11)                      4 (44)    4 (44)   0.38
                                      ≥70                 10 (53)   1 (10)                      7 (70)    2 (20)   
                                                                                                                   
  Gender                              Male                14 (74)   2 (14)                      8 (57)    4 (29)   0.46
                                      Female              5 (26)    0 (0)                       3 (60)    2 (40)   
                                                                                                                   
  Location                            Head/neck           3 (16)    0 (0)                       1 (33)    2 (67)   0.37
                                      Trunk/extremities   8 (42)    1 (13)                      4 (50)    3 (38)   
                                      Feet                8 (42)    1 (13)                      6 (75)    1 (13)   
                                                                                                                   
  Tumor thickness (mm)                0.5\~2.0            9 (47)    2 (22)                      6 (67)    1 (11)   0.037\*
                                      \>2.0               10 (53)   0 (0)                       5 (50)    5 (50)   
                                                                                                                   
  Clinical type                       nodular             7 (37)    0 (0)                       4 (57)    3 (43)   0.27
                                      non-nodular         12 (63)   2 (17)                      7 (58)    3 (25)   
                                                                                                                   
  Sentinel lymph node                 Not involved        11 (58)   2 (18)                      6 (55)    3 (27)   0.24
                                      Involved            6 (32)    0 (0)                       3 (50)    3 (50)   
                                      Not investigated    2 (11)    0 (0)                       2 (100)   0 (0)    
                                                                                                                   
  Distant metastasis within 2 years   yes                 7 (37)    0 (0)                       3 (43)    4 (57)   0.055
                                      no                  12 (63)   2 (17)                      8 (67)    2 (17)   

\**P*\<0.05 between groups.

[^1]: Toyozawa and Kaminaka had equal contribution to this work.
